than 4 days before harvest. The fruit were Pusey, P. L., Wilson, C. L., Hotchkiss, M. W., and Franklin, J. D. 1986. Compatibility of Bacillus washed in water before the laboratory subtilis for postharvest control of peach brown rot with commercial fruit waxes, dicloran, and tests. cold-storage conditions. Plant Disease 70:587-590.
infection by Moniliniafructicola (Wint.) would retain its ability to control the on NYDA, then transferred to 50 ml of Honey. B. subtilis was also recently disease under cold-storage conditions. NYDB in 250-ml flasks. After incubation shown effective against decay fungi in on a rotary shaker at 250 rpm and 30 C postharvest treatments of citrus fruit (8).
MATERIALS AND METHODS for 24 hr, 2 ml of this seed culture was In a commercial peach-packing All tests with fruit involved the B-3 transferred to 400 ml of NYDB in 2-L operation, fruit are generally coated with strain of B. subtilis as the antagonist and flasks. The final cultures were grown at waxes to improve fruit appearance, an isolate of M. fructicola Phytopathological Society, 1986. rates to trees during the season but no less by dilution plate counts.
Tests were performed with wounded or advancing margins of the lesion completely bacterial preparation by constant nonwounded fruit. One puncture wound encircled the fruit, bringing about total agitation with a magnetic stirrer. The per fruit (3 mm in diameter through the decay, lesion diameters of 222 and 225 experiment was performed three times skin and 3 mm deep) was made as mm were used for wounded and nonwith oil-based wax (combined data were described previously (7). Treatments wounded fruit, respectively, based on an analyzed) and once with water-based were applied with a paintbrush (2. Combinations involving the aqueous organism after storage and incubation. relative humidity (RH). After periods of bacterial preparations and oil-based wax The isolate was maintained on NYDA incubation extending from 3 to as many were' continually agitated to maintain a containing 50 1A11/ml rifampicin. as 15 days in one test, decayed fruit were mixture during application to both evaluated by measuring the distance wounded and nonwounded fruit. RESULTS between two margins of the decay lesion Wax and dicloran. Wounded fruit were through the point of inoculation, treated with mixtures of the bacterial Only captan and triforine were Although this distance follows an arc preparations and dicloran (899 mg Li inhibitory to B-3. Mean width of the rather than a straight line, we refer to it as final concentration), wax, or both inhibition zone ranged from 0.9 to the lesion diameter. For wounded fruit, dicloran and wax. Oil-based wax was mm for captan at 0.57-9 g L_' and the lsiondiamter.0.4 to 9.4 mm for triforine at 0.13-2.2 g figures were corrected by subtracting 3 mixed with one volume of water (as a L-'. Preharvest sprays with captan mm, the diameter of the wound. When check) or one volume of the aqueous probably had little or no effect on the postharvest fruit tests because captan has (Table 1 ). Wax applied in combination vAfter treatment and inoculation, fruit were incubated in moist chamber at 20 C, wounded fruit for with B-3 always resulted in a mean lesion 6 days and nonwounded fruit for 9 days.
diameter that was lower than the mean w~B-3 culture (cells notseparated from growth medium) and8-3 cells suspended in water were tested for the same wax applied alone; on fruit alone and in combination with oil-based waxes produced by Durand-Wayland, Inc. (DW) significant differences in numbers of and Freshmark Chemical Co. (FC) and water-based waxes produced by Decco Tiltbelt Division decayed fruit were shown in all these of Pennwalt Corp. (DT) and FMC Corp. (FM C).
tetetecp o e novn h xB-3 and wax were applied at separate times (the former 1-2 hr before the latter) or as a mixture.
tetetecp o e novn h YD "-mean diameter of decay lesion (mm); % = percentage of total fruit decayed. Statistical B-3 cell suspension combined with either separation is based on numbers of decayed fruit per total fruit, using two- were often higher than those for B-3 applied alone, but no differences were analysis of number of decayed fruit for The rifampicin-resistant B-3 strain could found based on number of fruit decayed. each incubation period, combination still be isolated from fruit after 21 days of Wax and dicloran. Dicloran, when treatments that included the cell storage. This was confirmed in activity mixed with B-3 or B-3 plus wax, suspension were equal in effectiveness to tests on fruit. contributed to a reduction in brown rot. the cell suspension alone. However, when In the test with oil-based wax, dicloran lesion diameter data collected over time DISCUSSION alone or the B-3 cell suspension alone did were subjected to linear regression In general, the B-3 strain of B. subtilis not significantly reduce the number of analysis, the slope for the mixture with was compatible with commercial fruit fruit decayed, but a combination of the cell suspension and dicloran was waxes, dicloran, and simulated coldtwo did (Fig. 1) . Rhizopus did not appear significantly lower (P = 0.01) than the storage conditions. There appeared to be to be affected by B-3, but dicloran or slope for either the cell suspension alone a negative effect of wax on B-3 activity in combinations that included dicloran or dicloran alone. The same differences some instances. This may reflect a reduced the number of fruit decayed by were shown when these materials were reduced mobility of inhibitory compounds this fungus. applied in wax. produced by the bacterium. Dicloran, on When water-based wax was substituted Simulated cold storage. When fruit the other hand, actually provided added for oil-based wax and fruit were observed treated with B-3 were held in simulated protection against Monilinia infection. over a 15-day incubation period, all check cold storage before fungal-spore challenge Other findings not reported previously fruit treated with 'water or wax were and high-temperature incubation, all (7) include positive results with nontotally decayed by M. fructicola after 9 treatments to nonwounded fruit prevented wounded fruit as well as wounded fruit days (Table 2 ). In contrast, only a few decay after 7 and 14 days of storage and (Tables 1 and 3 ). Treatment of wounds fruit treated with the culture, the culture reduced the number of decayed fruit after with B-3 has been the preferred method of plus dicloran, or the culture plus wax plus 21 days of storage (Table 3 ). All testing because we consider it more dicloran showed decay even after 15 days.
treatments to wounded fruit reduced the stringent. As expected in this study, Wax was shown after 9 days to adversely number of decayed fruit after 7 days of results were more favorable with affect the activity of the B-3 culture, but storage, but this was not shown for either nonwounded fruit. the addition of dicloran compensated for of the B-3 preparations after 14 days of It is thought that the greater effect of this effect. The greater effectiveness of the storage or the B-3 cell suspension after 21 the culture, compared with the cell culture alone compared with the cell days of storage. Benomyl always reduced suspension, is due to the action of suspension alone was evident after 12 and the number of decayed fruit, except when metabolites present in the medium. A 15 days of incubation. On the basis of wounded fruit were stored for 21 days. heat-stable substance extracted from B-3 
